Intrinsic Thermodynamics - Structure Correlation of Carbonic Anhydrase Inhibitors  by Matulis, Daumantas et al.
Monday, February 9, 2015 217ato identify substates, establish a model of the ligand pathways and to predict
an effective on-rate for the binding process. Available experimental high pre-
cision measurements of the binding kinetics render the system suitable for
comparison.
We identified multiple surface substates that play a crucial role for the dy-
namics for high ligand concentrations. Using rate estimates from the MD
simulations and extrapolation to low, experimentally accessible ligand concen-
trations we ruled out the two-step models. We quantified the conformational
confinement and the probability of binding barrier crossing to obtain values
for the funnel model. The overall estimate for the on-rate rate constant was esti-
mated to be 30/(ms*mol/l), which is in excellent agreement with the experi-
mental measurements.
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RecA is an Escherichia coli protein that catalyzes the strand exchange reaction
utilized in DNA repair. Previous studies have shown that the presence of salts
influence RecA activity, aggregation, and stability. Here we utilized attenuated
total reflectance Fourier-transform infrared (ATR-FTIR) spectroscopy and cir-
cular dichroism (CD) to further investigate how various Hofmeister salts and
cosolvents alter RecA structure, aggregation, and solvation. Spectroscopic
studies performed in water and deuterium oxide suggest that salts alter amide
I (or I’) and amide II (or II’) vibrations arising from the protein backbone. Spe-
cific infrared vibrations that may arise from protein-solvent interactions were
identified. Infrared vibrations that correlate with protein desolvation were
observed in the presence of strongly hydrated SO4
2- anions. The vibrations
that correlate with protein solvation were observed in the presence of weakly
hydrated Cl- and ClO4
- anions. Additional experiments were performed under
solution conditions known to influence protein-solvent and protein-water inter-
actions. An increase in the infrared frequency of amide I (or I’) correlated with
increasing concentrations of trifluoroethanol (TFE) and sucrose. This result
suggests an increase in desolvation of the amide backbone with an increase
in the concentration of cosolvents. Additionally, increasing concentrations of
TFE resulted in an increase in RecA aggregation. These results show that salts
and cosolvents alter the solvation water surrounding proteins and influences
overall structure and aggregation.
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A novel approach is developed where oligoquinoline based foldamers are de-
signed and synthesized to stabilize the dynamic behavior of the pre-amyloid
toxic state of the diabetes related protein, IAPP. Among small molecule
foldamers, oligoquinolines have an unusually stable, non-covalent structure.
The surface of oligoquinolines can be derivitized without perturbing its
fold. This enables design of a surface that can target polypeptides. Here,
we show the utility of this scaffold on protein misfolding from intrinsically
disordered precursors. Amyloid self-assembly derived from misfolding is
a hallmark for a group of diseases include Alzheimer’s, Parkinson’s, and
type 2 diabetes (T2D). In the latter, islet amyloid polypeptide (IAPP) accumu-
lates as fibers in the pancreatic b-cells. However, it has been shown that
fibers are not the dominant toxin, rather it is the membrane bound a-helical
intermediates of IAPP that give rise to pre-amyloid toxicity. Targeting the
heterogeneous ensemble of dynamic protein structures, such as IAPP, is
often regarded as challenge for the creation of specific ligands. However,
the use of a strongly structured foldamer permits the induction of structures
in flexible species. Here we show oligoquinioline derivatives that bind pre-
amyloid IAPP and show activity in both solution biophysics and cellular
assays.
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Fluorescence spectroscopy has been widely used in life science. In this paper,
some fluorescent molecules have been designed and synthesized to interact
with biological thiol groups, in order to further study protein structural changes
at different environment. 4-(2-(1,10c-dihydropyren-1-yl)vinyl)-1-methylpyri-dinium iodide (4-PBPMI) and 2-(2-(1,10c-dihydropyren-1-yl)vinyl)-1-methyl-
pyridinium iodide (2-PBPMI), whose absorption and fluorescence spectra are
in ultraviolet and visible region respectively, have been shown to very sensi-
tively probe L-Cysteine (L-Cys) due to the strong interaction between thiols
and vinyl. We reported here the systematic measurements of steady state fluo-
rescence of PBPMIs in the mixtures with various proportions of glycerol and
water, and time resolved fluorescence decay using a time correlated single
photon counting apparatus on the 100ps to 30ns time scale. The probes are
excellent to monitor the L-Cys concentrations and environment simulta-
neously. For example, with the increasement of the concentration of L-Cys,
the emission intensities of PBPMIs in ultraviolet got a great enhancement as
well as absorptions. Meanwhile, in visible region, the intensities were
decreased sharply. Further experiments and discussion will be made to study
structural dynamics of proteins with disulfide bonds
and free thiols. The results may motivate additional experimental and theoret-
ical research on the molecular-level design of luminescent probes in
biophysics.
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For the design of selective inhibitors towards 12 active human carbonic anhy-
drase (CA) isoforms, a map correlating thermodynamics of inhibitor binding
with cocrystal structures was created. A series of over 600 inhibitors were
chemically synthesized. Their binding to CA isoforms was measured by
three biophysical and biochemical techniques, namely, isothermal titration
calorimetry (ITC), fluorescent thermal shift assay (FTSA), and enzymatic in-
hibition methods. A database of over 3000 binding reactions, including the
intrinsic Gibbs free energies and sometimes the enthalpies, entropies and
heat capacities, was assembled. Intrinsic energetics of binding was determined
by accounting for the linked protonation-deprotonation reactions of both pro-
tein and ligand. Together with over 80 cocrystal structures, this database
provided insight into some general issues of protein-ligand interactions, espe-
cially the enthalpy - entropy compensation and isoform-selective ligand
design. Parts of some ligands contained flexible tailgroups that correlated
with increased intrinsic entropy of binding. All designed ligands exhibited
enthalpy-driven binding with minor but important entropic contributions.
The method is useful for the design of ligands with appropriate affinities
and selectivities.
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Previous studies on the toxicity induced by Ag NPs of different size on zebra-
fish during development have almost exclusively characterized macroscopic
effects, in particular anomalies in the spontaneous movements, hatching
rate/time disturbance and the presence of different malformations [1][2].
However little is known about a possible interaction of Ag NPs with sub-
cellular structures.
In this study we focus our attention on the biological effects of small-sized sil-
ver nanoparticles (8-10nm) through a multi-level investigation on zebrafish
larvae. The use of these model organisms and the possibility to image them us-
ing advanced microscopy techniques represent an optimal opportunity to screen
toxicity effects of nanoparticles at microscopic level.
In particular, the use of advanced microscopy techniques (such as confocal and
selective plane illumination microscopy (SPIM)) [3] [4] allows for 3D high res-
olution imaging of possible effects of nanoparticles on the cytoskeletal archi-
tecture. With this approach high cellular and sub-cellular resolution can be
achieved. So far, we have investigated the possible damage induced by Ag
NPs in the structure of both tubulin and filamentous actin (F-actin) in zebrafish
larvae.
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